Background: Verbal self-report is the method most often used to assess sunscreen use, but the data may be confounded by recall error and social desirability. Sunscreen swabbing is a non-invasive procedure to objectively assess the presence of sunscreen on the skin. This study examined the agreement between verbal reports of sunscreen use from survey and diary measures and objectively measured sunscreen use.
Introduction

S
kin cancer is the most commonly diagnosed cancer in the U.S., 1 and about 1 million Americans are diagnosed with it each year. 2 The incidence of skin cancer has increased dramatically worldwide in the last decade, 3 establishing malignant melanoma and nonmelanoma skin cancer as major public health concerns. 2 Skin cancer is considered one of the most preventable types of cancer, and can be prevented by reducing ultraviolet radiation (UVR) exposure and adopting sun-protection habits (sunscreen, hats, shirts, sunglasses). 4, 5 Although sunscreen is the most frequent method of sun protection used across all age groups, 6 most people do not use sunscreen consistently when outdoors on sunny days. [7] [8] [9] [10] Further, while sunscreen has been shown to prevent sunburn, the data are mixed with respect to its effectiveness at preventing skin cancer. 11, 12 Some scientists have found that sunscreen use may increase the duration of recreational sun exposure. 13 However, randomized trial data have confirmed that daily sunscreen use significantly reduced the incidence of squamous cell carcinoma at both medium-term 14 and longterm follow-up, and tended to decrease basal cell carcinoma rates after 8 years. 15 There seems to be sufficient support to continue to recommend sunscreen to prevent the short-term (sunburn) and longterm (skin cancer) detrimental effects of excessive UVR exposure.
The available population-based data on sunscreen use are predicated on verbal reports, or self-report, mainly from surveys of sun-protection habits. Despite the wellknown limitations of verbal reports of behavior, these measures are the most practical for use in both population surveillance and descriptive and intervention research, but little is known about their validity. 16 Observational strategies have been used to examine the validity of the reported use of sun-protective clothing and sunglasses, but sunscreen use is not easily observed. One promising strategy to validate reports of sunscreen use objectively has been used previously in office and field studies with small samples. [17] [18] [19] The current effort, a large measurement-validation study, was conducted among parents, children, and lifeguards at swimming pools to quantify the association between self-reported sunscreen use and objective measures of sunscreen presence.
This study had three main aims: (1) to describe the association between self-reported (survey and diary) and objective measures (swabbing) of sunscreen use; (2) to identify any systematic error in subgroups by gender, latitude, study group (from an intervention trial), or skin cancer risk; and (3) to explore whether specific features of sunscreen use (e.g., when applied, sun-protection factor [SPF]) relate to the validity of self-report.
Materials and Methods
Overview
Data were collected in the summer of 2006 from the sun exposure and protection habits measurement study (SEPH), which addressed the limitations of self-report of sun exposure and sun-protection practices by testing the validity of selfreports compared to objective measures. SEPH is an ancillary study to a large ongoing study 20, 21 of the diffusion of an effective multicomponent skin cancer prevention program in aquatic settings known as "Pool Cool." The Pool Cool diffusion trial is a national, three-level cluster randomized trial of basic and enhanced strategies intended to improve the implementation, maintenance, and sustainability of an effective skin cancer prevention program over four summers. 21 This study was an observational, multimethod descriptive correlational study with repeated measures. Data collection took place over a 4-day period that included 2 weekdays and 2 weekend days; it involved 2 days of onsite data collection and 2 offsite days. Participants completed self-reported measures, including a baseline survey, a 4-day diary, and a final survey, as well as direct measures of sunscreen presence on 2 separate days.
Sample and Context
Sixteen pools in four metropolitan regions were selected from the 245 pools (27 metropolitan regions) that participated in the Pool Cool parent study in 2006. The four regions were stratified based on latitude (north or southϭϾ40°N or Ͻ35°N) and study arm (basic or enhanced). The target sample was ten lifeguards and parent-child pairs from each of 16 pools (total nϭ480).
Recruitment and Data-Collection Procedures
At each pool, recruitment began the day before the start of data collection and continued the first morning of data collection, if necessary. Each child had to be aged 5-10 years, enrolled in swim lessons (or swim team) at the pool, and accompanied by a parent or legal guardian who was willing to participate with the child. Only one parent-child pair per family was eligible. Lifeguards were approached either as they arrived at the pool for work or during a break. Study procedures were explained to potential participants, and those who agreed to participate were asked to sign consent forms and complete a baseline survey. Verbal assent was required for children. They completed the sun-habits survey at the time of consent and were given a Pool Cool sling bag containing an instruction sheet with research staff contact information, a timeline, and a description of all study activities.
Participants were asked to arrive at the pool at 9:00 AM, or as early as possible thereafter, on 2 days of data collection: one weekday (either Thursday or Friday) and one weekend day (Saturday or Sunday). They were instructed to behave as they normally would and not to alter their behavior for participation in the study.
On the first day of data collection, skin swabs were taken of each participant's arm and leg. These swabs were stored in alcohol and later analyzed for the presence or absence of sunscreen. Participants were given a sun-habits diary and asked to complete it daily for 4 days. On the third day, swabbing was repeated. Subjects were asked to return all study materials on the fourth day of the study, and were given a $25 gift card in appreciation of their participation.
The Self-Reported Measures: Sun-Habits Survey and Diary
To compare self-reported sun exposure and sun-protection practices with objective assessments, both a survey and a 4-day diary were used. The survey included the main outcome measures used in the parent study 21 and is typical of large population intervention trial measures. 16 The diary provided a more precise time-matched measure of sun exposure and protection.
The sun-habits survey was completed twice: at the time of enrollment into the study and at the end of data collection. Parents answered for themselves and their child. Surveys included questions on sun-protection habits, sunscreen use, skin cancer risk factors, sunburn history, UVR exposure, and demographics. Measures were selected or adapted from previously published studies and tools used in earlier studies. 20, 22 The survey items were identical to those used in the parent study. 21 Demographic information collected on the surveys included gender, age, race, and, for lifeguards and parents, education, income level, marital status, and number of children. Riskfactor questions from previous studies, 23 with scoring adapted from the Brief skin cancer Risk Assessment Tool (BRAT), 24 included untanned skin color, hair color, eye color, sunburn history, tanning propensity, and history of skin cancer, and were used to categorize participants into low-, moderate-, or high-risk groups.
Sunscreen use was assessed by asking When you are outdoors in the sun, how often do you use sunscreen? Response options were on a 4-point ordinal scale (1ϭrarely or never, 2ϭsome-times, 3ϭusually, 4ϭalways). For children, the question presented to parents was How often do you have your child use sunscreen? Additional questions on sunscreen use asked when sunscreen was applied and the brand and SPF of the sunscreen used.
The sun-habits diary is a record of sun exposure and protective behavior throughout the day adapted from a diary developed previously. 25 Participants were instructed to complete the diary for 4 consecutive days (including 2 weekend days), which is considered sufficient to estimate weekly sun exposure and sun protection. 25 Parents were instructed to fill out separate diaries for themselves and their children (with or without input from the child, as available). Participants were asked to record their primary activity for each hour of the day between 10:00 AM and 4:00 PM and to indicate any sunprotection habits that they used (sunscreen, wearing a hat, staying in the shade, wearing a shirt with sleeves, wearing sunglasses) for each hour they were outside. At the end of the diary, participants were asked at what time(s) of the day they completed the diary (throughout the day, at the end of the day, the next day), and parents were asked if the child's diary was filled out with the child's input (never, sometimes, or always).
The percentage of time that sunscreen was used was calculated by dividing the amount of time each individual reported using sunscreen by the amount of time spent outdoors for that day (0%-100% use). The average of the daily percentages was used as a measure of usual sunscreen use. Another variable was created to examine sunscreen use at the time of swabbing and was scored as yes if sunscreen was reported at either the 10:00 AM or 11:00 AM hour.
Sunscreen Swabbing: Objective Measure of Sunscreen Use
Objective measures of sunscreen use were collected through participant skin swabbing, using methods developed in previous research. 17, 18 Swabbing was completed on one weekday morning and one weekend morning. Participants were told that a researcher would wipe their arm and leg with a towelette but were not informed that the purpose of swabbing was to check for the presence of sunscreen. Research assistants wearing disposable, non-absorbent polyurethane gloves swabbed each participant's right forearm and right leg above the knee with medium-size disposable alcohol wipes (70% isopropyl alcohol). A 2.5 cm ϫ 4 cm skin surface area for each body part was swabbed twice using the same wipe, reversing the side of the wipe to ensure that a thorough sample was collected. Used wipes were placed into individual, prelabeled glass vials containing 4 mL of 100% ethyl alcohol and sealed.
The swabs were analyzed for the presence of sunscreen based on ultraviolet absorption following a previously described protocol. 18 After initial calibration of the spectrophotometer, samples were analyzed by group order for each pool, with a reference standard rerun after every three participants. Reference standards were made with clean wipes placed directly into 4 mL of 100% ethyl alcohol. Eluted washings were transferred to a crystal cuvette (Fisher Scientific) and analyzed in a UV-Visable spectrophotometer (Beckman DU-530). Absorbance was measured across the UV spectrum from 280 to 400 nanometers (nm) at 5 nm intervals. Between each sample the cuvette was thoroughly washed with absolute ethanol and dried.
As in previous studies, 17, 18 absorbance at 320 nm was used to establish the presence or absence of sunscreen. An absorbance threshold of 0.300 was selected as a positive indicator of sunscreen based on control data and the results of two controlled in-office trials.
Statistical Analysis
The objective measure of sunscreen use was compared to the two self-reported measures of sunscreen use by two approaches. The first approach involved analyzing two dichotomous measures of sunscreen use, one from the first day of swabbing and the other from the corresponding time period from the diary. For this analysis, statistics were used to assess agreement between the objective and self-reported diary measures. statistics were categorized using the cutoffs recommended by Landis As the study design included respondents clustered within pools, ORs were also computed using the complex survey procedure in the Statistical Package for the Social Sciences (SPSS Version 15.0) to provide an additional measure of association. For this analysis, the outcome was a diary report of sunscreen use (1ϭyes, 0ϭno), and the predictor was the swab result for sunscreen (1ϭyes, 0ϭno). Therefore, the ORs reflect the odds of reporting sunscreen use when there was a positive swab for sunscreen versus a negative swab for sunscreen. The crosstabs procedure in the complex survey module of SPSS was used to examine the distribution of accurate and over-or under-self-reporting of sunscreen use relative to swabbing results. Statistics were computed separately for parents, children, and lifeguards, and within these groups for subgroups by gender, latitude, Pool Cool intervention arm, and skin cancer risk level.
The second approach used to assess concurrent validity involved converting each of the three measures to a value representing the percentage of time that sunscreen was used, based on data from both days of swabbing, both surveys, and the entire 4-day diary. Spearman coefficients were used to estimate validity coefficients. In addition, the method of triads as described by Ocke and Kaaks 27 was used to estimate the lower and upper limits of the validity coefficients. This method has been used in a number of studies investigating the validity of dietary questionnaire measures relative to biomarkers. [27] [28] [29] The method of triads is a triangular approach that uses the correlations among three methods to calculate the validity coefficients. In the case of sunscreen use, the following equation was used to estimate the correlation between true sunscreen use and sunscreen use as estimated from survey self-report:
where ST is the validity coefficient for the survey measure, r SB the correlation between the survey measure and the swab measure, r SD the correlation between the survey and the diary measures, and r BD the correlation between the swab and diary measures. Ocke and Kaaks 27 suggest that the value obtained from the above equation be used as the upper limit of the true validity coefficient and that the value r SB be used as an estimate of the lower limit.
To investigate differences in the estimates of sunscreen use based on method of assessment and participant category, 
Results
Participation and Sample Characteristics
A total of 993 eligible participants were approached across the 16 pools; 631 (64%) consented to participate, and 564 (89%) completed the study (201 parentchild pairs and 162 lifeguards). Most people who failed to complete the study did not show up for the second day of data collection.
Most of the parent participants were women (95%) and the child's mother (92.5%); most reported being white (83.5%); well-educated (65.5% college graduate or higher); and of moderate to high income (78.4% with Ͼ$50,000 household income per year). Children had a mean age of 7.2 years (SDϭ1.7); 52.3% were boys. Of the lifeguards, 59.3% were female adolescents and women; on average they were aged 19.4 years (SDϭ5.6); were mostly white (89.9%); unmarried (98.1%); and either high school students or graduates (51.3%) or college students (41%). Table 1 summarizes reported and objectively assessed sunscreen use. Swabbing detected sunscreen on at least one assessment in 61.7% of children, 59.5% of lifeguards, and 55.7% of parents. Questions about sunscreen use patterns (not shown in Table 1 ) revealed that 75.6% of parents said that they usually or always apply sunscreen to the child before s/he goes outside; 78.3% of parents and 82.4% of lifeguards said they put on sunscreen before going outside. Of all participants, 70.1% reported using sunscreen with an SPF of Յ30, and 29.9% reported using sunscreen with an SPF Ͼ30.
Sunscreen Use by Survey, Diary Reports, and Swabbing
Association of Sunscreen Use by Swabbing and Self-Report
The results of the analyses investigating agreement between swab results and diary self-report are reported in Tables 2, 3 , and 4. The percentage of agreement between swab and diary was 64% for parents, 70% for children, and 67% for lifeguards. Based on the similarity of values and the 95% CIs for the ORs, there do not appear to be any significant differences in the level of agreement based on the stratification variables. Overall, agreement was fair to good across the three participant categories, with the value for children being 0.40, followed by lifeguards at 0.34 and parents at 0.27.
Validity coefficients for the measures of sunscreen use are reported in Table 5 . The validity coefficients (and ranges) for the lifeguard and parent groups are somewhat higher than those for the children.
The estimated means and 95% CIs for the percentage of time sunscreen is used by method and participant category are shown in Figure 1 . The CIs account for participants nested within pools. The estimated variability for sunscreen use based on swab results a OR and 95% CI adjusted for clustering within pool; reflects odds of reporting sunscreen use when there is a positive swab for sunscreen versus a negative swab for sunscreen *pϽ0.05; **pϽ0.01; ***pϽ0.001 from 2 days is considerably larger than the variability noted for the two self-reported measures. Lifeguards and children tend to use sunscreen more often than parents.
Systematic Errors by Subgroup
The distribution of accurate and over-or underreporting was investigated for each participant category and for the stratification variables within each category (Tables 2, 3 , and 4). The percentage of parents underreporting (25%) sunscreen use was greater than the percentage over-reporting (11%). While parent errors in reporting were not related to latitude or skin cancer risk group, they were related to study arm (pϭ0.016), with more under-reporting in the enhanced group. In the child group, there was no overall difference noted for over-(13%) or under-reporting (18%). Although not significant (pϭ0.13), those in the enhanced group tended to be more likely to under-report than overreport sunscreen use. For lifeguards, the percentage of those over-reporting (17%) did not differ from the percentage under-reporting (15%). This result was the same across all stratification variables (gender, latitude, study arm, or skin cancer risk group).
Features of Sunscreen Use and Their Association with Valid Self-Report
Exploratory analyses were conducted to examine whether any features of sunscreen use were associated with the validity of self-reported sunscreen use. There was a 
Discussion
To our knowledge, this is the first study to examine the validity of sunscreen use with validity coefficients, applying the method of triads and two different methods of self-report. The findings indicate fair to good levels of agreement between diary-reported and objectively measured sunscreen use by parents, children, and lifeguards, and across subgroups defined by gender, latitude, study arm, and skin cancer risk. Parents and their children who report putting on sunscreen before going outside are more likely to test positive for the presence of sunscreen, as are lifeguards who state that they use a higher-SPF sunscreen.
The diary method appears to be better correlated with swabbing results than the survey method. However, given the demands of a diary, the survey method validity estimates show that this method is adequate relative to the more complex method of measuring sunscreen use. Because no significant findings of systematic errors by relevant subgroups were found, there appears to be no need to calibrate survey assessments by gender, latitude, study arm, skin cancer risk, or race in an intervention trial.
For all participant categories, a method effect can be noted whereby mean sunscreen use estimated from the survey method is substantially higher than the estimates based on the diary. Although means for the survey method tend to be higher than those for the objective measure, the CIs overlap. In addition, the CIs suggest that the magnitude of the difference between the survey method and the diary method is most notable for the child group, which is not surprising because parents completed surveys about their child's practices, whereas some children completed the daily diaries themselves or with their parents.
A major issue in comparing survey responses, diaries, and sunscreen swabbing is the time periods assessed. It is noteworthy that the 2-day (swab) and 4-day (diary) estimates are very similar. It is not at all surprising that the survey estimate is higher, as it covers a theoretically longer time period. When considering how sun-protection data are typically used in survey research and intervention trials, survey measures of usual behavior are more closely aligned with the research questions.
Given the difference in time periods measured, the agreement estimates and the validity coefficients are actually very respectable and suggest that the rank ordering of individuals is consistent across the methods. They are comparable to or better than the coefficients obtained in studies of dietary assessment compared to biochemical indicators of food intake. 29, 30 The CIs in Figure 1 support the notion that self-reported estimates are probably as good as an objective measure.
Although errors in reporting are noted for parents and, to some degree, the children, especially with respect to the intervention group, this does not appear to have major implications for analyses of the Pool Cool diffusion trial. 21 It could make it more difficult to detect a difference between study arms if under-reporting on the diary is predictive of under-reporting on the survey questions.
Strengths of the study include the large sample across four geographic locations and three distinct types of participants (parents, children, and lifeguards) as well as high completion rates. Study limitations include the focus on a single type of outdoor recreation environment (swimming pools); the limits of swabbing only the forearm and leg; and the possible reactivity of completing multiple diaries and surveys on both participants' responses and their decisions about using sunscreen after the beginning of the study.
While it is not practical to incorporate objective assessments of health-related behavior into large populationbased studies, these findings make it possible to interpret survey data from the larger trial with greater confidence. Future studies should consider incorporating this type of validation study with a subsample of participants. 16 The science of skin cancer prevention will also be advanced by the adoption of standard measures that can be compared with national survey data and across studies.
